Hybridization of 2'-O-methyl and 2'-deoxy molecular beacons to RNA and DNA targets.
Molecular beacons are stem-loop hairpin oligonucleotide probes labeled with a fluorescent dye at one end and a fluorescence quencher at the other end; they can differentiate between bound and unbound probes in homogeneous hybridization assays with a high signal-to-background ratio and enhanced specificity compared with linear oligonucleotide probes. However, in performing cellular imaging and quantification of gene expression, degradation of unmodified molecular beacons by endogenous nucleases can significantly limit the detection sensitivity, and results in fluorescence signals unrelated to probe/target hybridization. To substantially reduce nuclease degradation of molecular beacons, it is possible to protect the probe by substituting 2'-O-methyl RNA for DNA. Here we report the analysis of the thermodynamic and kinetic properties of 2'-O-methyl and 2'-deoxy molecular beacons in the presence of RNA and DNA targets. We found that in terms of molecular beacon/target duplex stability, 2'-O-methyl/RNA > 2'-deoxy/RNA > 2'-deoxy/DNA > 2'-O-methyl/DNA. The improved stability of the 2'-O-methyl/RNA duplex was accompanied by a slightly reduced specificity compared with the duplex of 2'-deoxy molecular beacons and RNA targets. However, the 2'-O-methyl molecular beacons hybridized to RNA more quickly than 2'-deoxy molecular beacons. For the pairs tested, the 2'-deoxy-beacon/DNA-target duplex showed the fastest hybridization kinetics. These findings have significant implications for the design and application of molecular beacons.